Changes in oscillatory brain activity have been related to perceptual and cognitive processes such as selective attention and memory matching. Here we examined brain oscillations, measured with electroencephalography (EEG), during a semantic speech processing task that required both lexically mediated memory matching and selective attention. Participants listened to nouns spoken in male and female voices, and detected an animate target (p = 20%) in a train of inanimate standards or vice versa. For a control task, subjects listened to the same words and detected a target male voice in standards of a female voice or vice versa. The standard trials of the semantic task showed enhanced upper beta (25-30 Hz) and gamma band (GBA, 30-60 Hz) activity compared to the voice task. Upper beta and GBA enhancement was accompanied by a suppression of alpha (8-12 Hz) and lower to mid beta (13-20 Hz) activity mainly localized to posterior electrodes. Enhancement of phase-locked theta activity peaking near 275 ms also occurred over the midline electrodes. Theta, upper beta, and gamma band enhancement may reflect lexically mediated template matching in auditory memory, whereas the alpha and beta suppression likely indicate increased attentional processes and memory demands.
Introduction
Speech processing entails a spectrum of neural mechanisms ranging from low-level perception to high-level cognition. Low-level mechanisms analyze the various spectrotemporal cues present in the sound, whereas higher-level processes match these acoustic characteristics to learned templates in memory. In addition, highlevel processes not specific to language, such as selective attention, are normally recruited during speech tasks to improve sensory processing and control response selection. Many brain mechanisms elicited during speech and other auditory processing have been related to the event-related potentials (ERPs) and the oscillations of the electroencephalogram (EEG). ERPs are, by definition, phase-locked to experimental events. However, oscillatory brain activity can occur as either phase-locked (''evoked") or non-phase-locked (''induced") responses. Like ERPs, evoked oscillations are present in the time-domain average of all trials. Induced oscillations on the other hand, due to the temporal jitter of activity from trial-to-trial, may cancel out in the time-domain average and therefore can only be examined in single trial analysis. ERPs, evoked oscillations, and induced oscillations can reflect different functional relevance in auditory perception and cognition (Pantev, 1995; Shahin, Roberts, Chau, Trainor, & Miller, 2008) . Their similarities and distinctions help provide a framework for understanding bottom-up (i.e. stimulus driven) and top-down processes in speech.
Examples of ERPs related to speech and attention are the N400 and P300 components. The N400 is evoked following a semantic violation and may reflect lexical search (Friederici, 2004; Kutas & Hillyard, 1980) , while the P300 reflects selective attention and update of working memory (Picton, 1992; Polich, 2007) . Oscillatory brain activity may reflect similar mechanisms or correlate with precursors or consequences of the N400 and P300 processes. For example, theta activity (4-7 Hz) reflects increased language processing demands (Bastiaansen, Oostenveld, Jensen, & Hagoort, 2008) and, like the N400, is induced during semantic violations (Hald, Bastiaansen, & Hagoort, 2006) . Bastiaansen, van der Linden, Ter Keurs, Dijkstra, and Hagoort (2005) specifically showed that during a lexical-semantic retrieval task, theta power increased over the left hemisphere. This theta enhancement was accompanied by alpha and beta (8-12 Hz and 13-30 Hz, respectively) suppression, which is known to correlate with the level of attentional and memory load (Bastiaansen et al., 2005; Fries, Reynolds, Rorie, & Desimone, 2001; Van Winsum, Sergeant, & Geuze, 1984) . In contrast, high-frequency oscillations in the gamma band (gamma band activity, or GBA, 30-120 Hz; Pantev, 1995) have been shown to support specific and non-specific neural processes. These include enhanced selective attention (Fries et al., 2001; Snyder & Large, 2005; Sokolov, Pavlova, Lutzenberger, & Birbaumer, 2004) , lexical and semantic processing in speech (Braeutigam, Bailey, & Swithenby, 2001; Hannemann, Obleser, & Eulitz, 2007; Pantev, 1995;  
